ABSTRACT This report reexamines experimentally the problem of competitive indeterminacy in mixed-species pop-ulations of the flour beetles, Tribolium confusum and T. castaneum. Indeterminacy takes the form of alternative competitve 'outcomes: in some replicate cultures one species exterminates the other with a probability, say p, whereas in others, the opposing species wins with a complementary probability, 1 -. The conventional explanation for this is the genetic foundef effect hypothesis-an explanation based on genetic stochasticity. The experiment reported here partitioned indeterminacy into founder effect and nonfounder effect components. The results implicate demographic stochasticity, not classical genetic founder effect, as a Factor influencing the identity of the winning species. This report presents findings from an experiment designed to resolve the biological mechanisms underlying competitive indeterminacy in mixed-species populations of the flour beetles, Tribolium castaneum and T. confusum. A detailed account will be published later.
netic stochasticity. The experiment reported here partitioned indeterminacy into founder effect and nonfounder effect components. The results implicate demographic stochasticity, not classical genetic founder effect, as a Factor influencing the identity of the winning species. This report presents findings from an experiment designed to resolve the biological mechanisms underlying competitive indeterminacy in mixed-species populations of the flour beetles, Tribolium castaneum and T. confusum. A detailed account will be published later.
Both flour beetle species are pests of stored grain products, particularly flours, and have become model organisms for laboratory investigations of interspecies competition. Thomas Park (1) first reported indeterminacy in this competitive system in 1948, and it has been a recurring phenomenon ever since in studies in his own laboratory (2) (3) (4) (5) (6) and in the experiments of I. M. Lerner, P. S. Dawson, and their associates (7) (8) (9) (10) (11) . There are several published reviews of this work (12) (13) (14) (15) .
Competitive indeterminacy has been observed and characterized in terms of the following kind of experiments. Initial populations of T. confusum (hereafter called b) and T. castaneum (c) are introduced together in a controlled climate and supplied with standard flour medium which serves as nutrient source and physical habitat. At regular intervals censuses are taken and the flour is renewed. Invariably in these experiments, either b exterminates c or the opposite occurs; i.e., permanent coexistence has never been achieved.
With a few minor exceptions, the winning populations, as well as single-species control cultures, persist indefinitely in the absence of the competing species. Depending upon climate, nutritive conditions, initial population size, and the genetic strains of b and c, competitive indeterminacy may occur. This takes the form of alternative eliminations: in some replicate cultures b is the winning species, and, in others, c wins. In terms of the variables subject to experimental control, the replicates are identical, but, for each one, there is a probability p associated with b winning and a complementary probability, 1 - p. that the reverse will occur.
The conventional explanation for competitive indeterminacy is the genetic founder effect hypothesis proposed by Lerner and Dempster (8 (10) . (e) Dawson (11) Here, N and M are the adult numbers of b and c respectively, and the expressions on the left are conditional expectations at time t + 1 given the population sizes at t. X(>1) and a,#(>O) are parameters explained by Leslie (16) . Additional parameters di and d2, representing constant death rates, are required to obtain expressions for the variances of N and M. Both species are assumed to conform explicitly to a simple birth and death process over the interval, t to t + 1, with parameters calculated from the equations and di and d2. Using Monte Carlo simulation with normal approximations for N and M, artificial census realizations may be generated for any pair of initial populations (17) . The unstable stationary state, with b exterminating c with a probability, say p, and c winning with probability 1 -p, is obtained when 0132/ala2 > K2Ih/alKl > 1, [2] where Ki = (Xi -1)/ai. (5, 16) . Similar unstable stationary states owing to demographic stochasticity can also be obtained using more ecologically realistic, stochastic competition models (19) (20) (21) (22) .
With a few exceptions the model used here has been successful in the analysis of Tribolium competition experiments in the following respects: (a) it has correctly identified those competitive systems that should exhibit an unstable stationary state, (b) it has given good approximate estimates of p, and (c) it has given good approximations for extinction times for the losing species (5, 6) . (23) . Fig. 1 contrasts the predictions based on the genetic founder effect hypothesis (A and B) with those generated using Leslie's model (C and D) . Indeterminacy is to be expected in the shaded areas of the graphs; the probability of alternative outcomes is negligible in the unshaded areas.
In Fig. IA , indeterminacy, as described earlier, results from a genetic founder effect associated with low initial numbers of b and/or c. In Fig. IB , however, it is postulated that the founder effect influences the properties of the competing c beetles, but not the b beetles; hence, indeterminacy occurs only when the initial numbers of c are low. This assumption gains plausibility from the published reports that c may be more responsive to inbreeding than b (11, 24) .
Stochastic competition theory predicts a different configuration for the zone of indeterminacy: a fan-shaped area bordered on the b-axis by a determinate zone with b the winner, and on the c-axis by a second determinate zone with c the winner (Fig. IC and D) . In Fig. IC, c is the superior competitor, so the zone of indeterminacy is closer to the baxis; i.e., b requires an initial numerical advantage to overcome c's competitive superiority. In Fig. 1D (14) .
The open circles in Fig. 1 In this study, realizations generated from Leslie's model were used to draft Fig. IC and D Moving from left to right across the four columns, b won respectively in 69%, 47%, 39%, and 33% of the cultures. (e) Although the column effect must definitely be the outcome of the founder treatments, it seems just as definitely not to have been caused by the classical genetic founder effect of the type hypothesized by Lerner, Dawson, and their coworkers (7) (8) (9) (10) . The evidence for this assertion is that competitive indeterminacy is not generally associated with low founder numbers in the prior history cultures. (f) There is an interaction between rows and columns in Table 2 such that indeterminacy is associated with large prior history populations of c when b starts with superior numbers and with small prior history populations of c when c is given the initial advantage. In the middle row of the table the degree of indeterminacy seems not to be associated with the founder treatments. (g) In every row of Table 2 the competitive strength of c seems to increase with the size of its prior history population.
Statement (g) above raises the specter of a founder effect of a different type than has been hypothesized earlier for competing Tribolium populations. It was our intent that the major component of the founder treatments should be genetic, and perhaps this was true. The competitive weakness of the c beetles from smaller founder populations could conceivably be related to inbreeding depression. We are, however, skeptical of this interpretation. The overall level of inbreeding depression suggested by all rows of the table would seem to require an implausibly high genetic load. Speculation aside, our results call for further experimental analysis of the genetic and ecological components involved with the founder treatments.
We conclude that the competitive indeterminacy exhibited between b and c in this experiment is compatible with (25) .
As various examples of indeterminacy continued to be published, the question of causation quite properly came more and more to the forefront. The probabilists could erect models that predicted alternative survival of competing species, and did so. The experimentalists continued to demonstrate the existence of the phenomenon using a variety of controlled conditions. The whole matter came under challenge when geneticists (especially Lerner and associates) asserted that the essential causation lay in the hereditary composition of those beetles that were used to initiate the mixed-species cultures-a most reasonable a priori assertion. To their credit, these investigators went beyond the domain of speculation and set up experiments to test their hypothesis. Their findings afforded evidence that the eventual competitive outcomes were indeed related in some way to the genetics of the founding beetles. In consequence, the "founder effect" became an accepted, and lauded, part of competition theory. This concept maximizes genetic stochasticity and minimizes ecological stochasticity as causes of indeterminacy.
The founder effect principle really motivated the experiment that is reported here. Actually, we were not persuaded that the causation of indeterminacy had been revealed either by the experiments in Park's laboratory or by those of Lerner and his associates. This led us to design an experiment which would reexamine the question-this time in accord with accepted stochastic theory. The data reported in the rows of Table 2 clearly show that species survival in the face of competition is much more affected by population densities achieved during competition than by founder effects. We reassert: regardless of the founder treatment, the populations appear to exhibit an unstable stationary state of the type predicted by stochastic competition theory. This is the essential conclusion of our work. We do discern some impact of the founder treatments (columns of 
